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Triphenylarsonium phenacylide (I) has been prepared by two routes, and its chemical properties have been

studied. It undergoes hydrolysis, thermal decomposition, O-alkylation, and C- or O-acylation.

Reaction with

carbonyl compounds normally affords olefins by ylide attack on the carbonyl carbon but with a,8-unsaturated car-
bonyl compounds a Michael addition oceurs affording eyclopropanes.

Although the first arsonium ylide appears to have
been prepared in 1902' but not assigned its correct
structure until 1950,%2 no more than 11 references were
cited in the most recent (1966) review of arsenic ylide
chemistry.® By now approximately 16 different arso-
nium ylides have been prepared but only about half
have been isolated. As was pointed out in 1966,2 and
as remains true today, very little is known of the general
chemistry and physical properties of arsonium ylides.
This is in contrast with the large amount of information
available for ylides of sulfur and phosphorus.

Interest in the chemistry of the ylides of arsenic
continues because, based on the meager information
presently available, arsenic seems to lie between sulfur
and phosphorus in its effect on the properties of ylides.
A study of arsenic ylide chemistry may discover unique
chemical or physical properties and/or shed light on the
mechanism of reactions of phosphorus or sulfur ylides,
both of which results would have recognized importance
in preparative organic chemistry,

This report relates some of the general chemistry of
triphenylarsonium phenacylide (I), a stable, isolable
arsenic ylide. It lays the base for further detailed
studies of such ylides and their reactions.

Results and Discussion

Quaternization of triphenylarsine with phenacyl
bromide afforded the known?*¢ arsonium salt II.
Treatment of this salt with sodium ethoxide in benzene
effected the proton abstraction and afforded the
crystalline ylide I of mp 172-173°. Prior reports
quoted melting points ranging from 154 to 183°.%256
The ylide I also could be prepared by acylating tri-
phenylarsonium methylide with benzoyl chloride, ben-
zoic anhydride, or ethyl benzoate.
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The carbonyl absorption for the ylide salt IT was at
1660 em~! whereas that for the ylide was at 1570 em~1,
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indicating a significant contribution of the enolate
structure ITI and accounting for some of the stability of
the ylide. The nuclear magnetic resonance (nmr)
spectrum showed 20 aryl protons at § 7.2-8.1 and the
single methine proton at & 4.75. The methine absorp-
tion was quite broad unless the sample and the solvent
were especially dry, probably owing to proton exchange.
Recently we reported such exchange for the analogous
phosphonium ylide.”

The ylide I was stable to the atmosphere. However,
warming the ylide in aqueous ethanol led to hydrolysis
to triphenylarsine oxide and acetophenone, a cleavage
typical of phosphonium ylides.* Treatment of a solu-
tion of the ylide with oxygen over extended periods of
time resulted in no reaction but treatment with ozone
resulted in oxidative cleavage to triphenylarsine oxide
and phenyl glyoxal. Accordingly, the ylide seemed to
show a sensitivity to hydrolysis and oxidation virtually
identical with that shown by triphenylphosphonium
phenacylide.?

The thermal stability of the ylide I was investigated.
Heating the pure ylide to 200° led to decomposition
with triphenylarsine being the only identifiable produet.
The ylide could be recovered unchanged after extended
heating in benzene solution but on heating in toluene
solution, with or without the presence of copper sulfate,
a high yield of trans-1,2,3-tribenzoyleyclopropane (IV)
and triphenylarsine could be obtained. In this be-
havior the arsonium ylide I was identical with the
analogous sulfonium phenacylide® but different from the
phosphonium phenacylide which was stable to these
conditions.

To account for the decomposition we propose the
ylide commenced to dissociate via a carbenoid inter-
mediate which quickly was attacked by another nucleo-
philic ylide molecule (Scheme I). The resulting betaine
would eliminate triphenylarsine to afford 1,2-dibenzoyl-
ethene (V). Michael addition of additional ylide I to
the olefin V would afford the observed product 1V. In
a separate experiment the latter reaction was found to
proceed rapidly and quantitatively. However, an
attempt to trap the olefin V with 2,5-diphenylisobenzo-
furan in a decomposition reaction failed.

An alternative mechanism which must be considered
is shown in Scheme II. This proposal involves es-
sentially a chain reaction with a minute amount of
vlide salt IT formed from any source, perhaps even by
reaction of traces of water with ylide, serving as the
chain-carrying agent. This mechanism was shown to
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be possible by the observation that reaction of the ylide
I with phenacyl bromide or with the conjugate acid of
the ylide did afford the cyclopropane IV. There
appears t0 be no simple means, perhaps other than a
kinetic study, of distinguishing between the two possible
mechanisms.

The nucleophilic character of the ylide I was demon-
strated by its undergoing an alkylation. Reaction
with ethyl iodide afforded the O-ethyl product VI, the
structure of which was proven by ir and nmr spectra
and by hydrolysis to triphenylphenacylarsonium iodide.
This result is identical with the O-alkylation found for
the phosphonium phenacylide!! but contrasts with the
C-alkylation we reported for the sulfonium phenacylide.®
Furthermore, it contrasts with the apparent C-alkyla-
tion of I by phenacyl bormide as postulated in the
preceding paragraph.

OC.H;

+ /
I + C.HI ~—> PhyAs—CH=C I-

CsHs
VI

The ylide I also underwent acylation, the course of
which depended on the reagent used. Reaction with
benzoic anhydride afforded dibenzoylmethylenetri-
phenylarsenane (VII), presumably vio initial C-benzo-
ylation followed by proton abstraction from the new
arsonium salt. The dibenzoylmethyltriphenylarso-
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VIIL

nium salt would be the most acidic species present and
could suffer loss of a proton to the benzoate ion or to
ylide I, thereby affording the new, highly stabilized
ylide VII. Similar behavior was observed using acetic
anhydride, benzoylacetylmethylenetriphenylarsenane
being the product.
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Benzoylation of the ylide I with benzoyl bromide
effected an O-acylation affording the enol benzoate
VIII. The strueture of VIII was proven by its ir
spectrum (rgo 1745 em—1), the nmr spectrum showing a
methine proton (8 6.45 ppm), and by isomerization of
VIII to the C-benzoylated product VII in the presence
of sodium ‘acetate. This rearrangement probably
involves conversion of a kinetically controlled product
VIII to the thermodynamically controlled product VII
as was reported for the triphenylphosphonium phenac-
ylide system.!?

One of our major interests in exploring arsonium
ylide chemistry is to ascertain how such ylides react
with carbonyl compounds. Phosphonium ylides have
long been known to afford olefins in such reactions
(Wittig Reaction), presumably via a betaine adduet X
intermediate.'®* Sulfonium ylides have been shown to
afford epoxides under similar conditions, presumably
vig a similar intermediate.* Based on the few reports'®
to date on their reaction in which either olefin, epoxide,
or both are formed upon reaction with ecarbonyl com-
pounds, arsonium ylides seem intermediate in character
between phosphonium and sulfonium ylides. Prepara-
tory to exploring this unique position in depth, we have
observed that triphenylarsonium phenacylide (I) reacts
with p-nitrobenzaldehyde to form exclusively the ole-
finic product, trans-p-nitrobenzalacetophenenone (IX),
and triphenylarsine oxide in high yield with no evidence
of the formation of an epoxide or an arsine.

p-OgNCeH4—CH=CH—COCaH5

+ — +
p-OzNCsH4OHO PhsASO

The results to date indicate that stabilized arsonium
ylides, such as the phenacylide, carbomethoxymethyl-
ide,’® fluorenylide,®* and cyclopentadienylide,!s® af-
ford only olefinic produets upon reaction with carbonyl
compounds. The nonstabilized arsonium ylides, such
as the methylide® and ethylide,™ afforded almost
exclusively epoxides (or products resulting from their
rearrangement). However, a semistabilized arsonium
ylide, the benzylide,'®® has afforded approximately
equimolar amounts of epoxide and olefin. Clearly, the
nature of the carbanion fragment of the arsonium ylide
is having a major influence on the course of the reaction.
It is reasonable to suppose a two-step mechanism
(Scheme II1) isinvolved in the reactions of phosphonium,
sulfonium, and arsonium ylides with carbonyl com-
pounds. . Therefore, since the product-determining step
must be the second step in such a mechanism, the nature
of the carbanion substituent must be affecting that step
in an important manner.

No evidence is available to indicate how the carb-
anion substituent in arsonium ylides affects the distribu-
tion between path a and path b in Scheme III. It is
conceivable that the “normal’ path is b since triphenyl-
arsine is not an especially strong oxygen scavenger as is
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triphenylphosphine. However, with the presence of a

conjugating group on one of the carbon atoms of the
betaine X, sufficient stabilization may be provided for
the incipient double bond in the transition state for
path a to increase the ratio of path a product to path b
product. We are exploring the nature of this reaction
further.

Experimental Section

Triphenylarsonium Phenacylide (I).—A homogeneous solution
of 6.1 g (20 mmol) of triphenylarsine and 4.4 g (22 mmol) of
phenacyl bromide in 30 ml of benzene was heated under reflux for
4 hr. The resulting precipitate of 6.2 g (569%) of phenacyltri-
phenylarsonium bromide (II) was removed by filtration and a
sample was recrystallized from chloroform-benzene to mp 185°
(lit.* mp 186°): w»co 1660 em~; nmr absorption at & 6.45 (area
2.0, methylene singlet) and 7.3-8.3 (area 20.7, aromatic multi-
plet).

To a solution of 0.9 g (2 mmol) of methyltriphenylarsonium
iodide (prepared from methyl iodide and triphenylarsine) in 40
ml of benzene was added 10 mmol of potassium ¢-butoxide. After
stirring for 10 min 0.3 g (2 mmol) of ethy! benzoate was added
to the yellow solution. After stirring for 1 hr the excess butoxide
was decomposed with ethanol, and the reaction was flooded with
water and then acidified with hydrobromic acid. Extraction
with chloroform and then evaporation of this solvent afforded 0.5
g (60%) of crude arsonium salt II which showed mp 180-182°
after one crystallization.

To a slurry of 11 g (22 mmol) of II in 100 ml of dry benzene
containing 0.5 ml of absolute ethanol was added 5 g of sodium
hydride in mineral oil (509, slurry). After stirring overnight
most of the solid material had dissolved and the solution had be-
come a deep yellow color. The remaining precipitate was re-
moved by filtration after which the filtrate was diluted with
hexane to precipitate 9 g (959%,) of the ylide I. The ylide was
recrystallized from benzene-hexane as pale yellow microcrystals:
mp 172-173° (lit.? mp 182-183°; lit.> mp 154-156°; lit.* mp 167~
169°); vco 1570 cm™; nmr absorption in alumina-dried CDCls
at 8 4.75 (area 1, methine singlet of half-width 1 cps) and 7.2-
8.1 (area 20.2, aromatic multiplet). The methine singlet for a
twice-recrystallized sample had a half-width of 4 cps unless the
CDCl; first was shaken with alumina.

Warming a solution of 0.85 g of ylide I in 10 ml of aqueous
ethanol and then extraction with chloroform left no organic
matter in the aqueous phase. Evaporation of the chloroform
and extraction of the oily residue with pentane afforded a solution
of acetophenone as identified by infrared comparison with an
authentic sample. The pentane-insoluble material was identi-
fled as triphenylarsine oxide by infrared spectral comparison
with an authentic sample.

Ozonolysis of 0.85 g (2 mmol) of ylide I in 40 ml of methylene
chloride at —70° led to the loss of the yellow color. The solvent
was evaporated and a 2,4-dinitrophenylhydrazone was prepared
in ethanolic solution. The red derivative crystallized from
dimethylformamide-nitromethane, mp 292-294°, and appeared
to be the bis-2,4-dinitrophenylhydrazone of phenyl glyoxal.

Anal. Caled for CpHyOsNg: C, 48.59; H, 2.85; N, 22.66.
Found: C, 48.66; H, 2.94; N, 22.30.

After the preparation of the derivative, triphenylarsine oxide
was isolated from the filtrate by chromatography on alumina and
was identified by melting point (197-198°) and comparison of its
infrared spectrum with that of an authentic sample.

Thermolysis of Ylide I.—A solution of 4.2 g (1 mmol) of ylide
Iin 20 ml of toluene was heated under reflux for 2 days. During
this time samples were withdrawn, and it was noted that the
ylide earbonyl absorption at 1570 cm~! gradually disappeared as a
new carbonyl absorption at 1670 em™ gradually appeared and
increased in intensity. Evaporation of the solvent and chro-
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matography of the residue on alumina afforded 0.11 g (100%,) of
crude trans-1,2,3-tribenzoylcyclopropane (IV) which crystallized
from benzene-heptane as colorless needles, mp 215° (lit.* mp
215°), voco 1665 cm 1, and was proven identical with an authentic
sample by admixture melting point and comparison of infrared
spectra.

A solution of 0.42 g (1 mmol) of ylide I and 0.24 g (1 mmol) of
dibenzoylethylene in 20 ml of benzene was stirred for 24 hr at
room temperature. Evaporation of the solvent and chromatog-
raphy of the residue on alumins afforded a quantitative yield of
Iv.

To a stirred solution of 0.6 g (3 mamol) of phenacyl bromide in
30 ml of benzene was added 0.85 g (2 mmol) of ylide I. A pre-
cipitate began to form immediately and after 10 hr a total of 0.6
g of ylide salt IT was obtained. Chromatography of the filtrate
afforded 0.12 g of IV. Repetition of the reaction, but using the
ylide salt II in place of the phenacyl bromide, again afforded the
cyclopropane derivative IV.

Alkylation of Ylide I with Ethyl Iodide.—A solution of 1.3
g (3 mmol) of ylide I and 3 ml of ethyl iodide in 20 ml of methyl-
ene chloride was heated under reflux for 10 hr. Addition of ether
afforded 1.3 g (75%) of crude B-(a-ethoxy)styryltriphenylar-
sonium iodide (VI) which was recrystallized from chloroform-
ether as a colorless powder, mp 159-160°, vo.c 1590 cm ™!, with
nmr absorption in CDCl; at § 7.5-7.8 (area 20, aromatic multi-
plet), 5.78 (area 1, methine singlet), 3.66 (area 2, methylene
quartet, J = 7 cps), 0.66 (area 3.1, methyl triplet, J = 7 cps).
Use of a higher boiling solvent, such as benzene or toluene, in
the alkylation also afforded some of the desired alkylation product
VI but it was contaminated with considerable thermal decom-
position product IV.

Anal. Caled for CysHysASIO: C, 57.95; H, 4.52; I, 21.87.
Found: C,57.86; H, 4.65; I, 21.94.

Hydrolysis of 0.4 g (0.7 mmol) of the alkylation product VI
by warming in 20 ml of ethanol containing 5 ml of 479, hydriodic
acid afforded 0.3 g (809) of phenacyltriphenylarsonium iodide,
mp 140°.

Acylation of Ylide I. A. With Benzoyl Bromide.—Addi-
tion of 0.2 g (1.1 mmol) of benzoyl bromide to 0.4 g (1 mmol) of
ylide I in 10 ml of benzene resulted in the formation of an im-
mediate precipitate (0.4 g, 709%) of the enol benzoate VIII.
Crystallization from acetonitrile-ether gave colorless micro-
crystals, mp 179-180°, vco 1745 cm™1, vo.c 1620 em !, with nmr
absorption in CDCl; at 8 7.3-8.1 (aromatic multiplet) and 6.45
(methine singlet). Warming the benzoate with 1 g of sodium
acetate in chloroform solution afforded 0.25 g of dibenzoyl-
methylenetriphenylarsenane (VII), mp 208-210°, shown to be
identical with an authentic sample by admixture melting point
and a comparison of infrared spectra.

B. With Benzoic Anhydride.—A mixture of 0.85 g (2 mmol)
of ylide I and 0.45 g (2 mmol) of benzoic anhydride in 20 ml of
benzene was stirred overnight. Evaporation of the solvent af-
forded an oil which crystallized from ether. Recrystallization
from benzene-heptane gave 0.5 g (509) of dibenzoylmethylene-
triphenylarsenane (VII), mp 208-210°, »co 1520 em™?, no ali-
phatic protons were visible in the nmr spectrum. A similar
reaction with acetic anhydride gave benzoylacetylmethylene-
triphenylarsenane, mp 174°, voo 1520 cm™, with nmr absorption
in CDCI; at § 7.2-7.8 (area 20.2, aromatic multiplet) and 1.80
(area 3.0, methyl singlet).

Reaction of Ylide I with p-Nitrobenzaldehyde.—A solution
of 0.85 g (2 mmol) of ylide I with 0.3 g (2 mmol) of p-nitro-
benzaldehyde in 20 ml of benzene was stirred overnight during -
which time a yellow precipitate appeared. The precipitate was
removed and the filtrate was chromatographed on alumina to
afford additional yellow substance. The combined yellow prod-
ucts were crystallized from ethanol to afford 0.5 g (90%) of p-
nitrobenzalacetophenone (IX), mp 164-165° (lit.” mp 160-161°).

Registry No.—I, 24904-06-1; VI, 24904-07-2; bis-
(2,4-dinitrophenylhydrazone) of pheny! glyoxal, 4881~
22-5.
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